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ABSTRACT
Using imaging from the Pan-STARRS1 survey, we identify a precursor outburst at 287 and 170 days
prior to the reported explosion of the purported Type IIn supernova (SN) 2011ht. In the Pan-STARRS
data, a source coincident with SN 2011ht is detected exclusively in the zP1 and yP1-bands. An absolute
magnitude of Mz ≃-11.8 suggests that this was an outburst of the progenitor star. Unfiltered, archival
Catalina Real Time Transient survey images also reveal a coincident source from at least 258 to 138
days before the main event. We suggest that the outburst is likely to be an intrinsically red eruption,
although we cannot conclusively exclude a series of erratic outbursts which were observed only in the
redder bands by chance. This is only the fourth detection of an outburst prior to a claimed SN, and
lends credence to the possibility that many more interacting transients have pre-explosion outbursts,
which have been missed by current surveys.
Subject headings: stars: massive — supernovae: general — supernovae: individual (SN2011ht) —
galaxies: individual (UGC 5460)
1. INTRODUCTION
Core-collapse supernovae (CCSNe) result from the
death of a massive star that has exhausted its nuclear
fuel, and can no longer resist gravitational collapse. De-
spite this common explanation, CCSNe show consider-
able observational diversity, resulting from the structure
and composition of the progenitor star immediately prior
to collapse (Smartt 2009, and references therein). The
observed properties of CCSNe are also influenced by their
environments; the specific subclass of events, dubbed
Type IIn SNe, are defined by the interaction between the
SN ejecta and a surrounding region of dense circumstellar
material (CSM) which typically gives rise to narrow (few
∼100s km s−1) Balmer emission lines (Schlegel 1990). In
many cases, the luminosity of Type IIn SNe can be en-
hanced many times over that of a normal core-collapse
event due to the transfer of some fraction of the kinetic
energy from the SN ejecta as it collides with the CSM.
Given that mass loss is a key driver of massive star
evolution, the most likely origin of the dense circumstel-
lar material close to the SN would be from the progenitor
star. This temporal coincidence suggests that the mass
loss may be linked to the final evolutionary stages of
the star, although the detailed physics of this process
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remains elusive. Some Type IIn SNe have been linked
to very massive Luminous Blue Variable (LBV) stars
(e.g Trundle et al. 2008; Gal-Yam & Leonard 2009),
which are known to experience very high mass loss rates
(Humphreys & Davidson 1994). This poses a challenge
for the current paradigm of stellar evolution theory,
which would not lead us to expect LBVs to be the direct
antecedent of CCSNe (Kotak & Vink 2006). Another
intriguing connection is with the so-called SN impostors
(Van Dyk et al. 2000). SN impostors are observationally
similar to Type IIn SNe, but the substantial difference
in peak brightness compared to a bona fide CCSN,
means that they are commonly thought to be (giant)
eruptions of a massive star, where up to a few M⊙
of material can be ejected by the star, but without
undergoing core-collapse (e.g Pastorello et al. 2010).
The recent SN 2009ip (Smith et al. 2010; Foley et al.
2011) has further complicated this picture, with a three
year long series of outbursts, that culminated in an
event which some authors have claimed is the star
exploding as a CCSN, and others have suggested may
be an extreme non-terminal eruption (Pastorello et al.
2013; Mauerhan et al. 2013a; Fraser et al. 2013;
Margutti et al. 2013; Smith et al. 2013; Prieto et al.
2013). Similar controversy also surrounds the fate of SN
1961V (Zwicky 1964; Kochanek et al. 2011; Smith et al.
2011a; Van Dyk & Matheson 2012). Aside from these
debated transients, only two other SNe have purported
eruptions prior to their final core-collapse; the Type Ibn
SN 2006jc (Pastorello et al. 2007; Foley et al. 2007) and
the Type IIn SN 2010mc (Ofek et al. 2013).
It is clear that a critical aspect of understanding Type
IIn SNe is to identify and characterize the eruptions
and outbursts which eject material into the CSM prior
to the final core-collapse. To this end, we present in
this Letter an analysis of the eruptive history of the
Type IIn SN 2011ht, using serendipitous archival imag-
ing taken prior to its discovery on 29 September 2011
(MJD 55833.68). When SN 2011ht was first discovered
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(Boles et al. 2011), it was initially classified as a SN im-
postor (Pastorello et al. 2011). However, the transient
reached a peak absolute magnitude of MV ∼-17, and
Prieto et al. (2011) later claimed that it was in fact a
Type IIn SN. The ambiguity as to the nature of SN
2011ht has continued, with Roming et al. (2012) con-
cluding that SN 2011ht had features reminiscent of both
Type IIn SNe and SN impostors, although the observed
UV emission had not been seen in a SN impostor be-
fore. Subsequently, Humphreys et al. (2012) argued that
SN 2011ht was not a CCSN, based on velocities, and
estimates of energy and ejected mass. Most recently,
Mauerhan et al. (2013b) presented late time (+147 d)
spectra of SN 2011ht with weak nebular [O ii] emis-
sion; this indicator of nucleosynthetic processing favours
a core-collapse interpretation.
In what follows, we adopt a kinematic distance of 19.2
Mpc towards UGC 5460, and a foreground extinction
of Ar=0.025 (Roming et al. 2012). The explosion epoch
of SN 2011ht is uncertain, but is probably close to the
discovery epoch based on the rising lightcurve and UV
magnitudes. We therefore adopt the discovery epoch,
2011 Sept. 29; MJD 55833.68, as t0.
2. OBSERVATIONS AND DATA ANALYSIS
The Panoramic Survey Telescope and Rapid Response
System 1 (Pan-STARRS1; henceforth abbreviated to
PS1) is a wide-field, panchromatic survey telescope lo-
cated on Haleakala in Hawaii (Kaiser et al. 2010). As
part of the “3pi Survey”, PS1 observes the entire visi-
ble night sky on a rolling basis in gP1rP1iP1zP1yP1 fil-
ters (Stubbs et al. 2010). These images typically reach a
limiting magnitude of ∼20-21 mag, and hence are suffi-
ciently deep to detect relatively faint precursor outbursts
of nearby SNe. In the 3pi survey, two exposures separated
by ∼30 min (termed a “Transient Time Interval (TTI)
pair”) are taken with the same filter and at an identical
pointing for each epoch/visit; this permits the removal of
moving objects and cosmic ray hits. The images are re-
duced by the Image Processing Pipeline (IPP; Magnier
2006, 2007), which detrends the data, performs astro-
metric and photometric calibration, stacks and template-
subtracts images, and finally, performs source detection
and photometry of all objects in the field.
We examined all available PS1 images of the site of
SN 2011ht, from the earliest image taken in Feb 2010
until the most recent image from April 2013. A source
was visible at the SN position in several frames; and
for each of these we list the magnitude determined using
point spread function (PSF) fitting photometry as imple-
mented in IPP, in Table 1. In all cases, the source was vis-
ible in both frames taken as part of the TTI pair. These
magnitudes are in the PS1 photometric system as de-
scribed in Tonry et al. (2012), which is comparable to the
SDSS photometric system for z-band (|zSDSS-zP1| .0.05
mag). We additionally checked the IPP photometry for
the z-band detection using independent PSF-fitting rou-
tines within the iraf9 environment; a photometric zero-
point for each image was determined from aperture pho-
tometry of nearby sources with catalogued SDSS DR6
9 iraf is distributed by the National Optical Astronomy Ob-
servatory, which is operated by the Association of Universities for
Research in Astronomy (AURA) under cooperative agreement with
the National Science Foundation.
(Adelman-McCarthy et al. 2008) magnitudes. Uncer-
tainties were estimated using artificial star tests near the
SN location, and added in quadrature with the uncer-
tainty in the zeropoint. We found that both methods
yielded magnitudes consistent to within 0.06 mag. For
frames where a source was not visible at the position
of SN 2011ht, we estimated a limiting magnitude (typ-
ically &20–21) by adding progressively fainter artificial
sources to the image, using a PSF built from nearby point
sources. The limiting magnitude was taken to be that of
the faintest artificial source which could be clearly iden-
tified by visual inspection at the position of SN 2011ht.
We note that this is a conservative approach; photometry
on the faintest recovered artificial sources has a typical
error of ∼0.1 mag, corresponding to a ∼ 10σ detection.
We clearly detect a point source coincident with SN
2011ht in z- and y-bands, as shown in Fig. 1, 287 and
170 d prior to the discovery of SN 2011ht in Septem-
ber 2011 respectively. We designate the source PSO
J152.0441+51.8492. The PS1 images used are astro-
metrically calibrated by IPP against the 2MASS catalog
(Skrutskie et al. 2006), and so we measured the pixel co-
ordinates of PSO J152.0441+51.8492 in the z-band image
from 2010 December 16, and compared to the pixel co-
ordinates of SN 2011ht as measured in the two z images
from 2012 April 2. We find the position of the source
in each frame is coincident to 0.45 pixels (0.11′′). To
check the alignment of the images, we measured the po-
sitions of 11 other sources in the field of view which had
comparable magnitudes. We found a mean random off-
set of 0.52 pixels for these sources, consistent with that
measured for SN 2011ht / PSO J152.0441+51.8492. We
hence conclude that the two sources are coincident. The
measured magnitudes for PSO J152.0441+51.8492 are
∼1-2 mag brighter than the limiting magnitudes of the
archival SDSS images in which Roming et al. (2012) did
not detect a progenitor for SN 2011ht, indicating that
this is an outburst rather than a detection of the quies-
cent progenitor.
Unfortunately, there are no pre-explosion images of
the site of SN 2011ht from the Spitzer Space Telescope.
We examined the All-Sky Source Catalog produced
by the Wide-field Infrared Survey Explorer (WISE;
Wright et al. 2010) for any source coincident with SN
2011ht at any epoch. No source was listed in the catalog
for the epoch of the WISE observations (2010 April 29).
WISE subsequently re-observed the site of SN 2011ht on
2010 November 6 during the WISE “Post-Cyro” phase.
As the telescope had depleted its reserve of coolant, the
post-cryo images are less sensitive than those taken in
2010. A low S/N (< 3σ) detection was reported within
2′′ of SN 2011ht in the post-cryo catalog, and so we down-
loaded the individual “L1b” images in the W1 and W2
filters from the Infrared Processing and Analysis Center
archive. After aligning and stacking all post-cryo frames
taken in each filter, we subtracted these from templates
created from the 2010 images. No source could be seen
in the difference image, leading us to conclude the detec-
tion in the post-cryo catalog was spurious. The WISE
data does not yield particularly useful constraints on SN
20011ht, as the All-Sky Source Catalog is only >95 %
complete to W1=16.6 and W2=16.0. The low spatial
resolution of WISE (6′′) is less relevant, as SN 2011ht is
not in a crowded region.
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TABLE 1
PS1 magnitudes for SN 2011ht, with respect to t0 = 55833.68. As we have used CSS primarily for pre-September 2011 data,
we do not list the CSS photometry of SN 2011ht here. Pre- and post- SN 2011ht photometry are separated with a line.
We note that the unfiltered CRTS images (marked with an asterisk) are calibrated to SDSS r.
Date (UT) MJD Phase g (err) r (err) i (err) z (err) y (err) Instrument
2009 Nov 06 55141.470 -692.21 - >20.3 * - - - CSS
2009 Nov 20 55155.460 -678.22 - >20.2 * - - - CSS
2009 Dec 18 55183.381 -650.30 - >20.1 * - - - CSS
2010 Feb 03 55230.538 -603.14 - - >21.1 - - PS1
2010 Feb 03 55230.568 -603.11 - - >20.5 - - PS1
2010 Feb 20 55247.179 -586.50 - >20.2 * - - - CSS
2010 Feb 22 55249.366 -584.31 - >21.1 - - - PS1
2010 Feb 22 55249.376 -584.30 - >21.2 - - - PS1
2010 Feb 25 55252.355 -581.33 - - >20.6 - - PS1
2010 Feb 25 55252.365 -581.32 - - >20.1 - - PS1
2010 Mar 18 55273.280 -560.40 - >20.1 * - - - CSS
2010 Apr 12 55298.249 -535.43 - >20.3 * - - - CSS
2010 May 11 55327.237 -506.44 - >20.1 * - - - CSS
2010 Dec 16 55546.593 -287.09 - - - 19.597 (0.049) - PS1
2010 Dec 16 55546.605 -287.09 - - - 19.702 (0.052) - PS1
2011 Jan 14 55575.268 -258.41 - 20.32 (0.18)* - - - CSS
2011 Feb 10 55602.298 -231.38 - 20.37 (0.16)* - - - CSS
2011 Feb 23 55615.325 -218.36 >21.1 - - - - PS1
2011 Feb 23 55615.337 -218.34 >21.7 - - - - PS1
2011 Mar 12 55632.309 -207.37 - 20.26 (0.17)* - - - CSS
2011 Apr 12 55663.271 -170.41 - - - - 19.209 (0.145) PS1
2011 May 13 55694.235 -139.45 - 20.59 (0.48)* - - - CSS
2012 Feb 13 55970.543 136.86 - - 18.839 (0.019) - - PS1
2012 Feb 13 55970.555 136.88 - - 18.852 (0.020) - - PS1
2012 Feb 26 55983.462 149.78 19.886 (0.030) - - - - PS1
2012 Feb 26 55983.474 149.79 19.956 (0.032) - - - - PS1
2012 Apr 01 56018.298 184.62 - - - - 19.435 (0.147) PS1
2012 Apr 01 56018.305 184.63 - - - - 19.612 (0.152) PS1
2012 Apr 02 56019.286 185.61 - - - 19.573 (0.049) - PS1
2012 Apr 02 56019.293 185.61 - - - 19.531 (0.052) - PS1
2012 Dec 27 56288.590 454.90 - >21.0 - - - PS1
2012 Dec 27 56288.601 454.92 - >20.6 - - - PS1
2013 Jan 11 56303.561 469.88 >21.4 - - - - PS1
2013 Jan 11 56303.573 469.89 >21.4 - - - - PS1
2013 Jan 25 56317.529 483.85 - - - - >19.6 PS1
2013 Jan 25 56317.536 483.86 - - - - >20.2 PS1
2013 Jan 25 56317.537 483.86 - - - >20.1 - PS1
2013 Jan 25 56317.539 483.86 - - - >20.3 - PS1
2013 Feb 02 56325.448 491.77 - >19.9 - - - PS1
2013 Feb 02 56325.460 491.78 - >20.6 - - - PS1
2013 Feb 02 56325.472 491.79 - - >20.4 - - PS1
2013 Feb 02 56325.485 491.81 - - >21.1 - - PS1
2013 Feb 08 56331.440 497.76 >21.0 - - - - PS1
2013 Feb 08 56331.453 497.77 >21.1 - - - - PS1
2013 Apr 21 56403.273 569.59 - - - - >19.8 PS1
2013 Apr 21 56403.284 569.60 - - - - >19.7 PS1
2013 Apr 22 56404.245 570.57 - - - >20.1 - PS1
2013 Apr 22 56404.252 570.57 - - - >19.9 - PS1
Fig. 1.— PS1-z-band imaging of the site of SN 2011ht. The epochs indicated are with respect to the discovery epoch. The SN position
is marked at the centre of the field. The white diagonal strips are gaps between the PS1 CCDs.
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The Catalina Real Time Transient Survey (CRTS;
Drake et al. 2009) covered the site of SN 2011ht with
the 0.7 m Catalina Schmidt telescope (CSS) approxi-
mately once per month, for ∼4-6 months of each year
from 2004 onwards. While the CRTS images are unfil-
tered, we have calibrated them to rSDSS, as this was the
filter which showed the smallest scatter in the derived
zeropoint. The explosion of SN 2011ht is clearly seen
in the CRTS images taken on 2011 December 29. To
search for a source in the preceding images, we took the
CRTS image from December 2005 as a template, stacked
the four exposures from each night of CRTS observations
between 2004 and the explosion of SN 2011ht, and per-
formed difference imaging using the isis package (Alard
2000). An example of the difference images obtained is
shown in Fig. 2. PSO J152.0441+51.8492 was visible in
the difference images taken between January and March
2011, with a subsequent tenuous detection in May 2011.
PSF fitting photometry was performed on the difference
images; the zeropoint was determined from aperture pho-
tometry of several sources in the field with SDSS r pho-
tometry. The magnitudes of PSO J152.0441+51.8492 are
reported in Table 1, and shown in Fig. 3. In other epochs
where PSO J152.0441+51.8492 was not detected, a lim-
iting magnitude at each was determined by adding and
recovering artificial sources at the position of SN 2011ht,
as shown in Fig. 3.
We also examined the series of images of UGC 5460
taken by one of us (T. B.) as part of a supernova search
programme carried out over the period between April
1999 to September 2011. These images were taken every
one to two months during the observing season for UGC
5460 (September - April) using three 0.36 m telescopes
equipped with unfilltered, thinned, back illuminated AP7
CCD cameras. Aside from the discovery image of SN
2011ht (Boles et al. 2011), no source was visible at the
SN location. The limiting magnitude of these images is
approximately r∼18.5-19, and as these are less restric-
tive than the CRTS data, we do not consider them any
further.
3. DISCUSSION
A source, PSO J152.0441+51.8492, is clearly visible at
the site of SN 2011ht between 287 d and 139 d prior to
discovery. PSO J152.0441+51.8492 was not visible after
SN 2011ht has faded at +484 days, nor when the field
was observed again at +571 d, lending credence to the
hypothesis that these sources are physically linked, and
a variable unrelated background source is not the source
of our findings.
Unfortunately, we do not have images of PSO
J152.0441+51.8492 taken on the same night with dif-
ferent filters. However, the non-detection of PSO
J152.0441+51.8492 in gP1 on Feb 23, coupled with the
CRTS detections at a constant r magnitude both 13 days
prior and 17 days later, points towards a red transient.
Whether the red colour would be intrinsic or caused by
dust is unclear, although both are plausible. For a ∼7000
K eruption, the r-z colour and non-detection in g are con-
sistent with negligible extinction. We caution however,
that SN 2009ip showed rapid variability (as can be seen in
Fig. 3 at ∼-450 days), and that we cannot hence exclude
the possibility that PSO J152.0441+51.8492 is varying
by &1 mag on a timescale of .2 weeks, and that this is
the cause of the non-detection in gP1.
It is interesting to consider what the mechanism be-
hind an eruption ∼1 year prior to a SN explosion could
be. The Ne and O burning timescales for a massive star
are on the order of months to a few years (Woosley et al.
2002), and Smith (2013b) has proposed that Ne flashes in
8-10 M⊙ progenitors could be a viable candidate mecha-
nism. In this scenario, a temperature inversion develops
in the semi-degenerate core of a star, due to the neu-
trino losses which are highest in the very centre. This
temperature inversion can lead to off-centre Ne igni-
tion (Nomoto & Hashimoto 1988). As the core is par-
tially supported by electron degeneracy, the Ne burn-
ing front which propagates inwards is unstable, and can
give rise to explosive burning and possibly an ejection
of part of the stellar envelope. However, in the mod-
els of Nomoto & Hashimoto this phenomenon occurs in
only a small mass range, corresponding to a helium core
of between 2.8-3.0 M⊙. Furthermore, and as noted by
Umeda et al. (2012), this behaviour has not been probed
with more modern codes, and hence it is uncertain if Ne
flashes do in fact drive significant eruptions.
There are probably too many Type IIn SNe to all come
from massive LBV-like progenitors (Smith et al. 2011c).
Indeed, given the heterogeneity of the class, it would
seem natural to expect a similarly diverse range of pro-
genitors. SN 2011ht has some similarity to SNe 1994W
and 2009kn (Sollerman et al. 1998; Kankare et al.
2012; Mauerhan et al. 2013b; Humphreys et al. 2012;
Roming et al. 2012; Dessart et al. 2009), most notably
an initial ∼120 d period of approximately constant lumi-
nosity, followed by a sudden drop of several magnitudes
onto a tail phase, which led Mauerhan et al. (2013b) to
propose these as a subclass of “Type IIn-P” SNe. Based
on this, the faint tail, Mauerhan et al. suggested that
these objects come from either low mass (8-10 M⊙) pro-
genitors with a weak explosion and low ejected 56Ni mass,
or higher mass progenitors with fallback. The “plateau”
in these objects is, however, perhaps distinct from the
plateau in normal Type IIP SNe, as it is unclear whether
they are dominated by the recombination of a H envelope
(Chugai et al. 2004). PSO J152.0441+51.8492 provides
the first evidence that, if they are indeed genuine core-
collapse SNe, then at least one of this class of objects
had an outburst .1 year prior to explosion.
Integrating under the light curve of PSO
J152.0441+51.8492 gives a total energy of ∼ 1046
erg. This is admittedly only a crude estimate given
the limited wavelength coverage of our data grizy,
and that we implicitly assume that the colour of PSO
J152.0441+51.8492 remained constant over the duration
of the outburst. The true value is likely to be consid-
erably higher. Nonetheless, for a characteristic CSM
velocity of 600-700 km s−1 (Roming et al. 2012), this
corresponds to the kinetic energy of only 2×10−3 M⊙
of ejecta. It is unclear whether such a small mass could
provide a sufficiently dense CSM for strong interaction
to occur one year later. This mass is also considerably
lower than the ∼0.5 M⊙ of material ejected 1.5 yr prior
to explosion which Chugai et al. (2004) proposed could
explain the lightcurve of SN 1994W. However, we again
stress that the energy budget and variability history of
PSO J152.0441+51.8492 are not well constrained, and
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Fig. 2.— Example of the subtractions obtained between CRTS images. The position of PSO J152.0441+51.8492 is indicated with tick
marks in all frames. Some apparent faint sources besides PSO J152.0441+51.8492 can be seen in the difference image, these are artefacts
due to an imperfect subtraction in the galaxy core. The bright star to the NW was saturated, leaving a residual.
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Fig. 3.— Observed lightcurve for SN 2011ht / PSO J152.0441+51.8492. PS1 photometry is marked with solid circles, while the
values from Roming et al. (2012) and Mauerhan et al. (2013b) are indicated with open circles and squares respectively. PS1 limits from
non-detections are indicated with arrows with circles, while CRTS limits are shown with diamonds. The SDSS limits on the progenitor
presented by Roming et al. (2012) are marked with horizontal arrows on the left. Phase is with respect to the discovery epoch: MJD
55833.18. Also shown are the R-band lightcurves of five comparison objects which showed pre-explosion variability; the debated SN / SN
impostor SN 1961V (Zwicky 1964); SN 2009ip (Fraser et al. 2013; Pastorello et al. 2013); SN 2010mc (Ofek et al. 2013); the Ibn SN 2006jc
(Pastorello et al. 2007) and the historical light curve of Eta Carinae around the Great Erruption of 1845 (Smith & Frew 2011b). The light
curves of Eta Carinae, SNe 1961V and 2006jc are with respect to maximum brightness, SNe 2009ip and 2010mc are with respect to the
estimated explosion epoch. Dashed lines connect poorly sampled sections of the lightcurves.
hence the estimated mass could well be significantly
higher.
The faint, and perhaps red, nature of PSO
J152.0441+51.8492 provides a tantalising hint that such
outbursts may well be associated with other Type IIn
SNe. PSO J152.0441+51.8492 was much fainter than
both the first observed outburst of SN 2010mc, and the
“2012a” eruption of SN 2009ip, but similar in magni-
tude to the earlier 2009-2011 eruptions of the latter. If
such events are common, then with the ever-increasing
cadence and sensitivity of all-sky surveys, many more of
them will be discovered in future.
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